Composite built by patchouli biochar and metal oxide, Cr 2 O 3 , is a potential material for remediation of contaminated wasterwater. Oxidation of biochar using acid or salt oxidators can improve its surface polar functional groups. This treatment may be able to increase impregnation of metal cation (as salt) before calcination to form its oxide. In this research, 3 types of oxidators were used to oxidize the biochar before impregnation with purpose to study its influence toward physichochemistry and adsorption performance of the composite. Preparation of the composite included 3 steps, namely preparation of biochar by pyrolisis of patchouli biomass using 
INTRODUCTION
Biochar is one of porous material adsorbents which has potential for adsorption of metal cations such as Pb, Cd, Ni, and Cu [1] , Zn [1, 2] , anion such as phosphate [3] or arsenic (V) [2] , and organic substances such as humic and tannic acid [4] , trimethyltin [2] , various antibiotics [5] . Combination of biochar using various metal oxides can improve performance of biochar in adsorption [6, 7, 8] .
Treatment of biochar by oxidation of its surface using acid oxidators has been also reported by some previous researchers. This oxidation is useful to improve surface functional groups of biochar. For example, oxidation using HNO 3 C=O, and COOH [9] . The other researcher reported that oxidation by HNO 3 improves carboxylic [10] . Peroxide acid oxidation created C=O, C-O, and OH functional groups of biochar [11] . HNO 3 , H 2 SO 4 , H 2 O 2 gives the micropore and mesopore sizes [12] .
Some research also reported double acids as the oxidator of carbon materials, including mixture of HNO 3 -H 2 SO 4 which creates functional groups of -NO(OH) [9] . Combination HNO 3 -H 2 O 2 improved the carboxyl on CNT [13] .
However, calcination treatment can reduce acidity of biochar surface. Acidity of activated carbon surface increases almost 60 times after oxidation, but decreases again after calcination by increasing of temperature and there is no acidity after calcination at 950 o C. Decreasing of activated carbon acidity is caused by decreasing of carboxyl and phenolic content [14] .
Functionalization by oxidation reaction can improve adsorption of biochar toward metal cations, such as Zn 2+ [15] or Cu 2+ [10] and anion such as Cr[VI] [16] . It indicates that oxidation of biochar can improve impregnation of biochar by metal salts. In our previous research, biochar product has been prepared from patchouli biomass using CoCl 2 activator and impregnated with CrCl 3 which then calcined to form biochar-Cr 2 O 3 composite [6] .
In this research, biochar was prepared using ZnCl 2 activator by consideration that based on our previous research, ZnCl 2 gave highest porosity of biochar after CoCl 2 activator [6] . The biochar was oxidized using 2 different acids with purpose to study their effect on the composite's surface functional groups and its performance in adsorption of paracetamol, as contaminant model.
EXPERIMENT

Chemicals and instrumentation
This research used some chemicals, including nitric acid (Merck), sulfuric acid 96% (Merck), peroxide acid (Merck), phosphoric acid (Merck), chromium chloride hexahydrate (Merck), zinc chloride anhydrate (Merck), paracetamol (pharmacy), distilled water.
Some instrumentations were used in this research for characterization of the products, including FTIR spectrophotometer (Shimadzu FTIR QP89500) by using KBr pellet, X-ray diffractometer (PANalytical type XPert PRO), SEM (FEI type Inspect S50), EDX (EDAX, AMETEK). UV-Vis spectrophotometer (Shimadzu) is used for analysis of paracetamol.
Procedure reaction Preparation of biochar using ZnCl 2 activator
A mixture was prepared by mixing patchouli biomass (60 g), ZnCl 2 (180 g) and distilled water (360 mL). The mixture was evaporated at 100 o C, then pyrolized it to 450 o C for 0.5 h in a closed porcelain cup. Due to the size of the cup, the ZnCl impregnated biomass was divided into 3 parts. The calcined composite product was washed using HCl solution (1 M) and distilled water to remove the activator. The product was dried at 130 o C for 6 hrs.
Oxidation of biochar surface
This procedure was conducted using the concentrated acids. The biochar (5 g) was mixed with acid mixture (100 mL) at volume ratio of 1:1, including H 2 SO 4 -HNO 3 
Impregnation of the oxidized biochar
The oxidized biochar was mixed with CrCl 3 solution (0.9 M) and shaked at 175 rpm for 24 hrs. After decantation process, the impregnated biochar then was calcinated to 600 o C for 1 h to produce biochar-Cr 2 O 3 composite.
Adsorption test
The paracetamol solution (100 ppm, 25mL) was mixed with each 0.05 g of the composites and shaked at 175 rpm for 24 h. The mixtures were filtered and the filtrate was analyzed using UV-Vis spectrophotometry at maximum wavelength (243 nm). Standart curve of paracetamol was prepared based on measurement of a series of paracetamol solution of 10-50 ppm.
RESULT AND DISCUSSION
Characterization of the composites using FTIR spectrophotometry. FTIR spectrophotometry has been used to identify surface functional groups of the composites which may change due to oxidation treatment. FTIR spectra of the composites are reported in Figure 1 to Figure 2 . Figure 1 shows different pattern of spectra, especially correspond to -OH, C=O, aromatic C=C and C-O at 3400, 1720, (1620 and 1560), and 1240 cm -1 , respectively. Those peaks are fit with interpretation given in previous researches, i.e. the band at 1700 cm -1 is related to C=O vibration, 1000 -1300 cm -1 indicates the stretching of C-O bond, 3200-3500 cm -1 is OH stretching band, and 1590 is correspond to oxonium due to breakdown of aromatic carbon after oxidation [16] . FTIR absorbance was calculated and reported in Figure 3 . The absorbance of -OH and C-O bands increases in sequence of H 3 PO 4 -HNO 3 < H 2 O 2 -HNO 3 < H 2 SO 4 -HNO 3 . On the other side, the C=O band also increases by using oxidators in sequence of H 2 O 2 -HNO 3 < H 2 SO 4 -HNO 3 < H 3 PO 4 -HNO 3 . The presence of OH (at about 3250 cm -1 ), C=O, and C-O groups indicates that the composites contain carboxyl group. Morover, -OH functional group can includes hydroxyl or hydrate.
After impregnation with CrCl 3 and calcination, the bands were reduced which indicate that the degradation reaction occured. However, all composite spectra show sharp bands between 500 and 600 cm -1 . These bands are connected correspond to Cr-O of Cr 2 O 3 as interpreted in previous research [17] . 
Characterization of the composites using X-ray diffraction
In this research, the active biochar was modified with Cr(III) oxide by adsorption of salt, i.e. CrCl 3 , in the first step, then was continued by calcination of biochar-CrCl 3 composite to form biochar-Cr 2 O 3 composite. Some previous researchs have called this way of modification by term of impregnation [18, 19, 20] .
X-ray diffraction method was conducted to identify crystal structure of the impregnant (Cr 2 O 3 ) in the composite. The X-ray diffractogram is presented in Figure 4 and the interpretation data are listed in Table 1 . Figure 4 shows some peaks which indicated that the composite crystalline materials. By comparing the diffractogram data of Cr 2 O 3 in previous researchs [17, 21, 22] , the composite indicates that it also contains Cr 2 O 3 structure. By characterization the synthesis Cr 2 O 3 using X-ray diffraction method, another previous research gave more specific term of structure, i.e α-Cr 2 O 3 [23] . Characterization of morphology by SEM Morphology of the composites were characterized using SEM. The SEM images of all composites in Figure 5 shows micro ball shape. The smallest microball shape was obtained by using H 3 PO 4 -HNO 3 . There are some holes among microball particles shown by SEM images. However, both composites synthesized by using H 2 SO 4 -HNO 3 oxidators show more holes than using H 3 PO 4 -HNO 3 . This may be connected to stronger oxidizing ability of the former than the later. 
Characterization of composition by EDX
EDX characterization is reported in Figure 6 and 7. It indicates that content of Cr in the composite is increasing by sequence of HP-HN < HO-HN < HS-HN. This sequence is relatively fit with sequence of absorbance of C-O and O-H groups in Figure 3 . Those functional groups contain Lewis base oxygen atom, which are rich of lone pairs, hence they have better affinity to Lewis acid Cr(III) CrCl 3 impregnation process.
On the other side, the content of O on the surface of biochar is increasing by sequence of HS-HN < HO-HN < HP-HN. This sequence is relatively fit with the total C=O, C-O, and OH groups in Figure 3 . 
HS-HN
Adsorption test
Adsorption test was performed using paracetamol adsorbate. The adsorption data was presented in Figure 8 . The adsorption values show that there is an increasing of adsorption value in sequence of HP-HN < HO-HN < HS-HN. This sequence is fit with the sequence of Cr content in Figure 7 . It indicates that Lewis acid of Cr(III) in Cr 2 O 3 influence the adsorption. The other side, the order of adsorption is fit with order of both C-O and -OH content in Figure 3 . Hence, it indicates that -COOH group also gives effect on adsorption.
Adsorption of carbon material lasts through 3 steps, including mass transfer of adsorbate molecules onto exterior of the carbon, diffusion of molecules into the pores of carbon, and physical adsorption, i.e through the weak interactive forces [24] . This weak interaction can be hydrogen bond or Van der Waals force [25] . Based on its chemical structure, paracetamol molecule has functional groups of C=O, -OH, and -NHR [26] . Thus, it can be predicted that those functional groups of paracetamol can make hydrogen bonds with -COOH groups of the composite. The Cr(III) cations is in Cr 2 O 3 structure is also potential to make Van der Waals force (ion -dipole) with them. 
CONCLUSION
Synthesis and application of composite based on patchouli biomass has been conducted. Based on characterization of the composites it can be concluded that type of oxidizing agents affects the content of Cr 2 O 3 in the composite, surface functional groups of biochar before impregnation, and paracetamol adsorption. Sequence of adsorption value is in line with sequence of Cr 2 O 3 content in the composite, i.e H 3 PO 4 -HNO 3 < H 2 O 2 -HNO 3 < H 2 SO 4 -HNO 3 . Sequence of Cr 2 O 3 content is also fit with the sequence of both C-O and -OH infrared absorbance in the same sequence of the oxidizing agents.
